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A  theoretical  and  praetlbal  inveatlgatlon  of  the  pro¬ 
pagation  of  electroQagnetio  eaves  of  very  loe  frequency 
In  conducting  rock  wae  carried  out  under  conalderatlon 
of  £  ,  ^  t  and  OC .  in  the  oouraa  of  theae  Inveatlgatloas 
it  appeared  that  the  deoreaae  of  the  nagnetio  field 
strength  strongly  de^nda  on  the  conductivity  7t  of  the 
rook.  The  experimental  reaulta  eere  largely  corroborated 
by  theoretical  caloulatlona.  The  paraaetera  £  and have 
I  either  been  taken  from  tables  or  have  been  determined  by 

i  sample  meaeurementa .  As  the  majority  of  aeaaurementa 

was  oonducted  in  mine  galleries  it  esc  neoesaary  to  deve¬ 
lop  apeclal  inatrumenta  for  this  purpose. 
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Introduction 

Under  contract' with  the  United  States  Oovernnient 
Viork  on  the  VIP  research  project  was  started  in  December 
i960.  The- investigations  were  dlrectsd  towards  a  study 
of  the  propagation  of  extremely  long  electromagnetic 
wavea  in  solid  and  liquid  media*  the  i?requencies  to  be 
used  being  in  the  range  from  a  few  cycles  to  below  100  kc. 

c 

Aa  the  scope  of  this  program  is  rather  wide,  the  target 
for  the  first  year  was  limited  to  the  study  of  the  propa¬ 
gation  of  a  comparatively  narrow  low-frequency  band  in 
BOlide.  In  order  to  realise  this  project  it  became 
necessary  from  the  outset  to  organize  two  collaborator 
groups:  one  group  dealing  with  the  mathematics  and 
theoretical  physics  Involved  in  the  problem  and  another 
team  engaging  in  the  experimental  and  electronic  work. 

The  experimental  team  had  as  its  objective  the  develop¬ 
ment  end  construction  of  the  necessary  apparatus*  as 
transmitting  and  receiving  equipment*  special  antennas 
etc.  This  tean  was  also  designated  to  measure  the  field 
strength  of  low  frequency  electromagnetic  fields  in  rook* 
Tbesd  measurements  Tf'ere  conducted  In  mine  workings  in  the 
vicinity  of  Innsbruck.  Apart  from  this*  it  was  required  to 
develop  and  construct  special  equipment  for  measuring  the 
electric  data  of  mountain- building  rock.  The  aim  of  the 
theoretical  team  was  the  mathematical  elaboration  of 
antenna  problems  of  a  fundamental  nature.  It  was*  for 
inatanoor  of  Intereat  to  determine  whether  eleotrio  or 
magaatio  dipolea  would  yield  better  renults  in  a  oon- 


dub tine  medium*  this  program  mam  extended  by  calcula¬ 
tions  on  tbe  propagation  of  magnetic  fielda  In  conducting 
rook  under  opeolal  oonalderatlon  of  g  i  ^  *  and  ‘dt . 

In  the  preaent  annual  report  are  laid  down  the  results 
obtained  by  both  groups.  Oompared  with  the  wide  scope 
of  the  entire  program  this  report  Is  neeesearlly  only 
of  an  initiatory  naturei  many  problems  remain  as  yet  to 
be  smiveiv 

On  this  occaelon  I  would  like  to  express  my  gratitude 
and  that  of  my  colleboratora  for  the  generous  financial 
support  extended  by  the  Aaerloan  authorities  to  this 
uolentlflo  re'searoh  program.  It  was  only  owing  to  this 
help  that  it  was  feasible  to  initiate  this  wide  range 
project  which  requires  large  material  expenditures. 

I  am  also  deeply  ihdebted  to  Unix.  Prof.  Pr.  Stein- 
msurer  for  gielng  his  permission  to  oonduot  part  of 
the  work  within  the  Institute  of  Physihs  of  the  Inns- 
bruok  University. 

1  am  also  grateful  to  Univ*  Prof.  Pr.  Urdbner  and  Univ. 
Prof.  Or.  Cap  for  their  valuable  oollaboration.  I  also 
wish  to  aoknowicdge  the  generous  opeamindednesb  of  Direc¬ 
tor  Dipl.  Ing.  G.  Ke.itner  of  the  ".Vontanr/erke" »  Brixleggt 
who  granted  pemibsion  to  work  in  the  miaea  of  Sobwas 
and  St.  Oertraudi  «;ni  also  supported  it.  I  am  also 
thankful  to  the  V.orks  Managers  Dipl.  Ing.  JClaker  and 
Sohwars  for  their  active  help  in  the  underground  work. 

X  would  also  like  to  thank  all  ny  oollaborators  for  their 
uaooasing  and  auocsssfttl  soleatifio  fwrk  during  this  year. 
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Theoretical  Section 

1,1,  JT;  -h  .e  0  r  e  t  i  c  a  1  f  o  u  n  d  a  t  i  o  n  a 
of  the  propagation  of 
V  L  P  «  a  V  e,  a 

Inveatlgatlon  of  the  propagation  Of  electromagnetic 
waves  of  extremely  large  wavelength  (VLP)  in  con¬ 
ducting  media. 

In  the  sequel  it  la  endeavoured  to  study  the  behavior 
of  the  magnetic  field  in  a  medium  characterized  by 
the  conductivity ,  the  dielectric  constant  £  ,  and 
the  permeability ^44  as  described  by  the  complete  set 
of  KIAXWF.LL'e  equations.  First  of  all  it  le  assumed 
that  the  three  material  parametera  be  conaidered 
constant,  e.  g.,  that  they  are  independent  of  the 
frequency.  This  implies  a  certain  almpllflcation 
as  regards  the  quantities  C  and  ,  as  these  usually 
exhibit  a  frequency  dependence  varying  greatly  from 
one  subatance  to  another^  as  will  be  shown  later.  This 
dependence  can  be  demonstrated  taking  ice  as  an  exam¬ 
ple:  ~ 

I!  Frequency  ohm”  .m” 

260  kc 2.05 40.10"^ 

4.6  c  155  1.10“^ 


Aa  the  experimental  inveatigations  were  limited  to 
a  relatively  narrow  frequency  band,  the  above  asaamp- 
tion  ia  reaeonably  Juatlfied. 


11AXW1CLL*9  equa-tloiQB  are  written  down  ae  XolXowe: 

ouarX  IT  IS  £  .1^1  +  ae  f  j  div  f  »  0 

curl  ^  }  div  5  se  0 

Aa  haa  been  explained  above*  £  ,  ^  ,  andv9C  are 
aaauneia  .constant*  By  ellnlnatlon  of  E  the  following 
equation  re suite t 

5  »  (2) 

Xt  H  -  A.e^^^,  there  follows 

;  4  )c2J  ,  0  (3) 

where 

k  is  a  cor-iplex  quantity  of  the  form  k  a  +  ikg* 

It  is  found  to  be  _ _ _  .  - - ^ 

k,/2  -  cu  i  loMMo 

In  order  to  be  in  a  position  to  solve  equation  (3) 
in  the  usual  manner  and  to  match  our  line  of  progress 
to  the  special  problem  at  hand*  spherical  coordinates 
are  introduced  in  the  following: 

X  ■  r.cos^  .sin^  0  ^  r  <  <30 

y  s«  r.sin  <j^  .ainy5^  0  <<>^  2  rr 

t  ■  r.cos  f  0  n 

The  oonpohents  of  R  remain  unchanged:  H^*  B^,  and 

If  the  Laplace  operator  is  Written  in  spherical  coor- 
dlnatea  and  then  Introduced  in  equation  (3)*  it 
assumes  the  form 

*  ^  Ir  *  1^  ° 

Equation  (3)  is  now  solved  by  the  usual  method  of 
Separating  the  variablea:  X  *-5(r)  . 


(5) 


(6) 


Ai  !■  $«iiirally  kaoviif  AlMrrtby  two  tquatlona  art  obtAl- 
n«A»  tbt  flrat  of  v.hieh  dt panda  only  on  r  and  tba  jiaoond 
“Oirly  oil  ind 

(a) *  S*  ♦  I  S*  ♦  (K*  -  Bifiji-ii)  S  «  0 

(b) i  — tff  ♦  ia-  ♦  ooig(^  Y  ♦-  nCn  i)  Y  *  0 

alnV* 

abani  a(n  4  1)  to  tba  aaparatlon  oonrtaati 

Equation  (6b)  poaaeaaao  aolutlona  only  for  n  ■  0*  1>  2f •... 
Tbay  ara  found  to  ba  tba  apbarloal  barnoaloa 
abiob  oan  ba  rapraaantad  as  follosat 

+  _(3j.alnjri^]  (7) 


for  n  »  0|  1|  2» . 


In  tba  oourae  ot  tba  furtbar  inveatlgatlona  the  dependence 
on  y  and  ^  oan  ba  ignored#  beoauaa  the  aagnatio  field 
atraagtb  baa  Its  largeat  ealua  In  tbadlreotlon  of  the 
dipole  axla,  wblob  clrounatanoa  ia  generally  known.  This 
apaolal  direction  aaa  oboaread  In  all  oeaauraaanta  ao 
that  only  tbl  dapetidanoa  upon  r  need  ba  Investigated  In 
tba  naaaurenanta.  It  la  dasorlbad  by  aqaetlon  (6a). 

The  further  treatnant  of  (6a)  la  rabdared  feaalbla  by  tba 

fubatltutlon  x  «  kr  and  R  «  x^^^y#  by  whlob  (6a)  la 

transforaad  into  BESSEL* a  differential  aquation 

4  (n  4  w) 

y**  4  j  y '  4  (1 - p-g-)  y  •  0 

Thla  aquation  baa  for  aolutlons  tba  BE8SEI*  funotlona  sitb 
bslf-lntagral  indat 


f 


tr-. 


I 


i  * 


-"6 


elnx 

Vn  ♦  V2)<*>  ■  (ife)”  (7) 

Ihe  dtniltd  function  can  now  be  aesenbled  as  followa: 


■VI.., -  ,n,_4  .n  / 


By  oonvtrting  it  back  to  the  variable  r  one  obtains 

-  j  -  _+ikr 
R-(r)  «*  r"< 


n'  '  'rdr'  r 
The  field  of  a  dipole  la  described  with  sufficient  accuracy 
by  the  tern  of  order  2  In  the  series  expansion 


RgC*')  *  0  f  -k^  -  ^2^  + 


where  k  if  the  complex  (juantlty  as  specified  above. 

For  ah  evaiuutlon  of  the  individual  terms  it  is  necessary 
to  make  the  ttlutlon  real.  By  setting  k  =  k|  +  ikg  one 
obtains  by  r.traightforwrad  calculation  the  real  solution 
Off  (6a> 

'■<2^  3k 

RCr)  •  C  i -  (Tcf  -  kl  -  6in(  (t  -  -j. 

r  r 

3k 

•*  k,r)  •  (2k^k2  +  “)  cos  (  (t  -  t^)  +  k^r) 

This  solution  can  be  matched  to  our  special  problem  by  a 
Buitablf  choice  of  the  integration  constants  C  and  t^. 

Relation  (8)  presenta  a  solution  of  the  present  problem 
insofar  as  it  is  correlated  to  the  measurements  conducted 
to  date . 

for  the  aaks  of  completenese  the  solution  of  equation 
(2)p  the  starting  point  of  our  invea ligation,  la  given 
below  . . 


IHI 


eiw^  RgCr)  YgCf 


.  9  - 


Howivtf f  li  tht^rwcfiver  wae  daeigned  to  detect  only 
the  nodttlue  of  Hi  the  tolloelhg  calculations  proceed 
f ron  the' IquatlLon . 

'V,r 

H  a  a 

r  r 


31c< 


Vck?  -  4  -  ^  +  C2kik2  ~  ^  )2  (9) 

JT  T 


In  the  evaluation  of  the  expreaeion  (4)  the  following 
numerloal  date  were  used: 


A  -  ’■256.10-« 

7 

c  10  rAsec  1 

&>  -  ^  f— 1 

W  •  2Tf  .10 


6  »  10 
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Por^.  >  5.10'''^  and  in  virtue  of  the  values  of  the  other 
constants 


%  V  1 

and  henoe  k  can  be  evaluated  as  follows: 

K, f7oir 

The  quantity  wae  used  as  a  parameter  In  the  subsequent 
calculations  beoauae  It  le  Just  this  quantity  which  experlen- 
cea  the  most  remarkable  variations.  The  conductivities 
character! (? tic  of  the  rock  types  encountered  in  this  Investi¬ 
gations  varied  from  10““^  to  10”*^  [ohm”^m“^3. 

In  Pig*  1  tht<  ourvee  are  illustrated  that  have  been  obtai¬ 
ned  torU^  *  10""^,  'ICg  »  10“^  atj  «  5-10'^,  and  36^  =  10"^. 


Pormula  (9)  can  be  aiaplifled  if  the  magnitude  of  la 
taken  into  account.  Aeaumlng  «  10”^ (ohm*" ^m”^ 3,  the 

relation 

- 

IBI  •  C»  i-=r  2k  - 

•  'i 

holda  froR  a  dlttanoe  of  20  n  vltb  sufficient  aoouraoy. 


1,2 


Derivation  Ojjf 
V  0  0  t  o  r  of  an  i 
Magnetio  Dlpo 


the  Poynting 
Electric  and 

.9 


For  extremely  long  electromagnetic  waves  the  afltenna  forms 
that  are  practically  realizable  are  described  with  auffi- 
dent  accuracy  by  the  equations  of  the  elementary  Hertzian 
dipole  which,  in  dependence!  on  the  antenna  current,  read 
as  follower  ;■  . 


Electric  dipole: 

2  J>dl 


E. 


iJ  j*ai  t  1  .  ik*\ _ a-  - 

co8^,e 

2 

)  siry^ 


-ik*r 


J.dl  /  1 

Ttftcoo  zr 


J.dl  /  1 


ik* 
r' 
ik» 


k** 

r 


.e 


»ik*r 


) 


.e 


-ik*r 


Magnetio  dipole: 


„  _  2  A)"/  1  .  ik*^  __.(>_-ik»r 

coa/C^.e 


A)". 


_  1  ik*  k*‘ 

7"  “  “F 


-ik*r 


Abandoning  the  possibility  of  inorsasing  the  antenna 
length  dl  or  the  antenna  croes  section  F,  the  field 
strength  realizable  for  a  given  frequency  and  distance 
is  uniquely  a  function  of  the  antenna  current  J  which  is, 
however,  limited 

(a)  in  the  electric  dipolet  by  the  ompaoity  attached 
at  the  end  of  the  dipole  and  the  antenna  voltage. 


11  « 


-(b)  in  tbe  magnetic  dxpolej  by  the  ccnduct^ir  losaeB 
in  the  frame  and  the  transmitter  power« 

Moreover!  the  decision,  Twhat  kind  of  dipole  radiation  ^ 
ie  to  be  used  with  very  long  waves,  depends  on 

(1)  the  radiation  conditions  in  the  vacuum 

(2)  the  propagation  conditions  in  the  conducting  medium 

(3)  which  limltationa,  inherent  to  the  apparatus  and 
mentioned  in  item  (a)  and  (b)^  can  most  easily  be 
overcome, 

(1)  Radiation  conditions  in  the  vacuum: 

It  is  knovm  that  the  freouency  characteristic  of  the 
radiation  resistance  of  a  magnetic  dipole  does  not  favor 
the  emission  of  long  waves.  However,  in  this  investigation 
stress  was  laid  primarily  on  a  maximum  output  of  electric 
energy  and  not  on  a  high  antenna  efficiency.  Prom  this 
viewpoint  the  magnetic-type  antenna  is  more  favorable  than 
the  capacitive  dipole,  because  it  permits  the  generation 
of  higher  field  strengths,  although  at  a  lower  efficiency. 


If  the  electric  field  strength  of  a  capacitive  diuole 
with  a  length  of  8  m,  having  a  distributed  C'apaoity  of 
100  oP  is  calculated  in  a  direction  perpenditular  to  the 
dipole  axis  at  a  distance  of  10  km,  it  attains  the 
follov/ing  value,  the  antenna  voltage  being  1000  V  and  the 
frequency  10  000  c; 


8.86,10'^^  ^  10  10^.3.10 

A 

8 


n  - 


4ir^  10^  X 


2.53,10 


-  12 


Under  otherwise  equal  condLtlon8»  u  nugnetlc  dipole 
a®  has  been  used  in  tiie  sieaaurenentr  (oross  section 
0.8  m  ,  conductor  resistance  0.8  ohm,  40;iturn8)  opera¬ 
ted  at  a  power  level  of  80  watts  supijlles  a  field 
strength 


1 .25410"®. 10. 40.2 jT. 10^ 


5. 6.10“®  [v/m] 


+  i— > — B  y) 

5.10°. 10^ 


It  proceeds  froir.  these  values  that  it  is  more  easily 
realizable  to  produce  appreciable  field  strengths  by 
means  of  a  aacnetic  dipole  than  by  an  electric  one,  in 
spite  of  the  low  efficiency  of  the  former. 

(2)  Propagation  conditions  for  the  energy  flux  in  a  con¬ 
ducting  medium; 

As  the  experimental  inve stigatione  were  conducted  under¬ 
ground,  the  conductivity  of  the  surrounding  rock  had  to  be 
taken  into  account.  ?or  the  sake  of  simplicity,  the  prac¬ 
tical  arrangement  ia  simplified  in  the  theoretical  treat¬ 
ment;  it  was  asaumed  that  an  empty  sphere  with  radius  r^ 

0)  ia  embedded  in  a  uniform  conducting  mate¬ 
rial;  the  dipole  is  located  at  the  center  of  the  sphere. 

If  both  the  electric  and  magnetic  dipole  are  taken  to 
radiate  without  loss,  so  that  the  power  supplied  to  them 
is  completely  transformed  into  radiation  energy  and  if  the 
electric  and  magnetic  dipole  are  supplied  with  N  watts,  we 
have  on  the  surface  of  the  sphere  (r  -  Tq)  ^hat 

is 


Re  E^_Hy  ”  R« 


A/o 


"•  1  "e  Ui>  1 

In  77  W  77 


m  m 
m  m 


lt»2 


''  o 
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If  the  oaghetlo  and  electric  dipole  are  to  radiate  the 
eame  amount  of  energy*  the  ratio  of  the  dipole  moaenta 
must  be  I 


„  2  * 

%  %  °  1. 

"m 


We  will  now  investigate  the  energy  density  of  both  dipoles 
in  the  long-range  field: 

_  1  r,-  “e  ®e  -ifk*  -  lc*)r  i  2 


■^  ='86  “y  e-if'*  - 


Hence  the  ratio  of  the  electric  and  magnetic  energy 
density 

^  -  2.  2  Jm**  ^ 

^  °  j7? 

/i/Uo 

But  k‘2 .  £o/A<£  *■  rSf'>  “  ’ 


^  ■  \/Wo 

and  u*  »  Yi*f 
end  hence  we  have 


1  _ 


Bo  re  w 


►«  -  0,.  2  “m"0 
ST  •  2r^  — . — 


O/.®*  Re  ko“*  ^oVtt** 


Zo 


P  r  p  J  u*  +  Re  (l/u*) 

81(=  (-5-)^  -s - — --i - 

Ao  Jjj  d/u*"^) 


It  can  be  easily  taken  from  thia  relation^ that  with 


1-  14  -  ' 

2 

increasing  wavelength,  the  value  of  (*'o/Xo^  diminl-* 

Bhea  and  hence  the  magnetic  dipole  becomes  the  more 
favorable  transmit  ting  antenna. 

At  a  frequency  of  10  kc,  a  sphere  diameter  of  1i  m  and 
a  conductivity  of  the  ratio  C^/  »  0.8- 10*"^, 

both  the  magnetic  and  electric  dipole  radiating  the  same 
energy. 

These  considerations  show  that  the  magnetic  dipole  exhibits 
-far  more  favorable  properties  than  the  electric  one  within 
the  frequency  range  in  q^uestion. 


1,3  Magnetic  Moment  of  an  Air- 
core  Ooil. 

It  is  desirable  to  have  the  magnetic  moment  as  large  as 
poaaible  for  a  given  transmitter  power.  This  implies  that 
according  to  the  formula 

»»n  -  n  J 

the  current,  the  turns  number  and  the  antenna  orosa  aection 
should  be  made  as  large  as  possible.  As,  however,  the 
requirements  of  s  high  turns  number  and  antenna  cross 
section  are  contradictory  to  a  high  antenna  current  (it 
given  trsnamltter  power),  it  is  worthwlle  to  Investigate 
the  question,  which  one  of  the  deelgn  data  has  ths  moat 
prominent  influence  on  the  magnetic  moment.  The  fd^llowing 
equations  hold: 

M,  -  n  I  i  I  •  (N/R)^i_  * 

f  *  r^TT  ;  1  ■  2r7rn. 


A 


15 


vbtr*  ^  ■  apsoltlo  rtaistaxiQe»  4  ■  oonduotor  ordto  saetloDi 
1  ■>  length  of  «lre»  r  «  ooil  radius. 

Proa  tlieae  equatlonst  tha  aagnetlo  mouant  can  ba  oomputad 
as  follows: 

As  can  be  caail^y  seen  from  this  formula«  it  la  favorable 
to  wind  the  given  sire  length  in  as  few  turns  as  poeslbla* 
This  means*  however*  that  an  antenna  with  large  oroaa 
section  periv 'ms  better  than  one  with  many  turns  ani  a 
small  cross  section.  The  transmitting  antennas  8AI11 
and  SAIY  were  designed  in  oompllanoe  with  these  oonai- 
derations. 


1*4  The  Design  of  Transistorised 
power  S  t  a  g  e  a 


The  design  of  the  new  powerful  transmitter  was  governed 
by  the  following  considerations:  if  a  transmitter  having 
the  limit  Impedance  R^im  opened  up  and  blocked  perio¬ 
dically  by  a  sinusoidal  voltage  in  olaaa  C  operation*  tha 
internal  resistance  averaged  over  one  full  period  la  a 
function  of  the  angle  of  flow  of  oolleotor  eurrentt 


®i  *  *^lin/^1 


where 


O  -  .  ^In20 
(1  -  ooe®J 


and 

0  «  angle  of  flow  of  colleotor  current. 


The  power  auppllad  by  the  transistor  is  oalculated  from 
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Where  «  battery  voltage#  R.  «  load  imeedanoe. 

p 

Ihe  ffiaximum  ovitppt  power  depende  bn  the  angle  of  flow  of 
collector  current  and  on  the  ratio  R^  /Rxim*  can  be 
repreeented  In  a  diagram  from  which  c^n  be  taken  the 
epecific  load  impedance  required  for  maximum  output  power 
at  a  given  current*  The  efficiency  ia  given  by 

f  2  - 

ft  1  ^1  ^ 

I  *  Jrr* 
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where 


^o  = 
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^  5771 

sin©  ^ 


a^'  "lim 
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The  available  power  N,^y  is#  as  ia  the  case  for  the  efficiency, 

lim* 


a  function  of  the  two  parameters  (5>  and  R„  A 

cl 


which  can  be  chosen  at  liberty  aa  design  parameters.  As 
and  q  depend  on  these  parameters  in  a  different  manner, 
it  la  impossible  to  design  simultaneously  for  optimum 
efficiency  and  maximum  power  output.  Only  one  of  these 
objectives  is  realizable  at  one  time.  At  maximum  output 
power  ,T  2 


U, 


■0 

"'Vopt 


the  efficiency  ia  low,  because  for  equal  generator  and 
load  impedance  it  is  natural  that  a  large  portion  of  the 
energy  supplied  is  lost  in  the  generator.  If  the  design 
is  intenlded  to  give  high  power  output  it  ia  worthwlle  to 
inveatlgate  to  what  extent  the  maximum  permissible  collec¬ 
tor  dissipation  permits  an  optimum  design.  The  normalized 
collector  dissipation  ia  given  by 


If  a  diagram  le  oonatructad  fron  the  correlated  values 
of  6)  and  the  constant  oolieotor  dissipation  heing 

used  as  parameter >  in  ahloh  the  output  power  is  plotted 
against  the  iapedanoe  ratiOt  the  optinua  adjustaent  can 
he  read  froa  the  diagraa*  for  a  given  oolieotor  dissi* 
pstion  not  to  he  exceeded. 


Owing  to  the  low  Halt  iapedanoe  of  transistors  the  vol> 
tage  gain  is  very  hi£^»  whence  the  following  relationship 
between  the  three  Halt  values  Q*  and  results: 

Q  -  (f^  -  0.45f,) 

If  the  power  output  is  noraalised  to  thji  relation 


g 

^Cteaz^o 


fo(©)  - 

Casx  0 


holds.  Bence  it  is  only  necessary  to  deteraine  the  aaxl- 
aua  output  power  in  dependence  on  Q:  assualng  an  arbitrary 
value  of  Qi  (f^  -  0.45f<|)  is  determined >  whence  the  angle 
of  flow  of  collector  current •  f^,  and  the  normalised  out> 
put  power  are  derived  suoosesively .  The  optiaua  output 
power  is  obtained »  if  the  oolieotor  diselpatlonr  the  maxi- 
auB  oolieotor  current  and  the  naxlaua  oolieotor  voltace 
are  correlated  as  foliowst 


In  the  next  stage  of  work  Investigationa  are  planned  la 
which  the  translator  le  driven  by  rectangular  pulses. 
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2.  Experinental  Section 

Kxasa  s:ae  aas  «  M  KSHS 

2,1  Preparatory  Work 

The  ejn^erimentel  jeork  enviaaged  within  the  VLP  project 
la  moetly  in  a  frequency  range  which  to  date  haa  seen 
very  few  measurementa  of  a  comparable  nature.  Renee  It 
wae  endeavoured  to  uae  higher  frequenclea  (below  200  ko), 
in  particular  in  the  early  atagea  of  the  work.  Thia 
enabled  ua  to  Include  Xindinga  in  our  comparison  which 
were,  for  Instance,  obtained  by  PRITSCB  in  the  Schwaz 
mine  about  tenyeara  ago.  FRIT8CH  made  measurementa 
In  the  abort and  long  range  region  to  bridge  under¬ 
ground  dlatancea  as  large  as  possible.  He  also  had  In 
mind  the  utilization  of  hxs  experiments  for  the  eatftbllsh- 
ment  of  communication  with  mlnera  in  dlstrees.  FRIISCH 
had  to  be  very  careful  to  avoid  dlaturblng  Influences 
from  rail  Installations,  pressure  conduits  or  electrical 
cables  which,  by  guiding  electromagnetic  waves,  give  rise 
to  unfoundedly  large  propagation  distances*  The  recep¬ 
tion  of  the  Innsbruck  radio  transmitter  (570  Icc)  was  also 
significantly  better  in  mine  workings  with  rail  inetalla- 
tlona  than  In  such  aa  had  no  metallic  connection  with  the 
surface . 

For  our  preliminary  experiments  we  constructed  a  small 
battery  powered  vacuum  tube  transmitter  whloh  radiated 
at  a  power  of  almost  1  watt  at  a  frequency  of  200  ke. 

A  20  cm  long  ferrite  rod  was  chosen  as  a  transaittlng 
antsnna  whloh  simultaneously  carried  tbs  PA->olrottit  of 
tbs  transmitter  (Fig.  2,1  Fig*  I). 

A  eQnmsgftlsl  -portable^madlo  reotivar  (Badione  R22T)  was 
uatd  ma  m  transistor  raoalTtr,  aftar  having  btan  aodlfitd 


f 07  this  aptoiaX  purpoat  (Pig.  2»2).  Vha  control  vol- 
tag«  faaa  been  lead  out  to  termlnala  wbere  it  la  Beaaured 
by  meena  of  a  tranalator  d.o.  voltmeter  (B-meter)  (Pig. 
2»3).  Although  the  receiving  unit  (Fig.  V)  had  not  been 
calibrated  In  field  atrength  units,  It  was  nevertheleae 
poaalble  to  tatlaate  the  reception  reeulta  In  a  i|nalita~ 
tlve  and  quantitative  laanner.  The  attained  propagation 
dlatancea  were  moderate  owing  to  the  email  transmitter 
power  available. 

''The  purpose  of  these  experlmenta  was  to  obtain  a  general 
auryey  of  the  directional  oharacterlstloa  of  ferrite 
antennas.  Several  Inf ormatlve . meaeuremanta  were  carried 
out  above  ^ound  on  level  terrain  at' well  aa  In  under¬ 
ground  locations.  The  decrease  of  field  strength  as 
depending  on  the  distance  and  the  directional  character-* 
Istics  was  meaeured  both  with  horlsontal  and  vertioal 
antenna  position.  A  dependenoe  upon  the  degree  of  soil 
moisture  could  also  be  established.  Ae  for  the  remainder 
the  same  reaulta  were  found  which  are  dlacuaaed  below 
in  the  section  on  the  tranamlttlng  antenna  SAX II. 

Apart  from  this,  initial  meaaurementa  of  the  field  strength 
of  the  Innsbruolc  radio  tranamittar  ware  also  carried  out. 
The  field  could  b*  aaoartalned  to  large  depths  la  the 
main  gallery. 


2,2  gqulpment  Saotion 

PUP  Meaaurlna  eaulnmant 
Transmitter! 

The  transmitter  that  has  hitherto  bean  used  for  the 
ttaaauramenta  conalated  of  tbs  following  partsi  battarlas. 
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RC**g«nerator8 ,  trananlttar  amplifier,  exchangeable  trana- 
altllng  antenna,  aupport  for  the  antenna. 

She  Individual  eectlona  were  connected  after  arrival  at 
the  alte  by  means  of  Xeada*  Ihue  the  tranamltter  was 
ipilparid  it)  . 

A  translator,  type  Levell  TOISOM  RC-generator  was  used 
aa  oscillator,  supplying  a  maximum  output  voltage  of  2.5  V 
which  could  be  attenuated  by  steps  of  20db  each.  It  oper~ 
ated  In  a  frequenoy  range  from  1.5  c  to  150  ko.  The  a.o. 
voltage  supplied  by  this  generator  was  used  to  drive 
■’directly- the-  -  ■  '-rr  -  - =  • 

Transmitter  amplifier: 

This  amplifier  has  been  developed  in  our  laboratory  and 
la  designed  as  a  20  watt  low  frequency  amplifier;  it  is 
mounted  with  TP78,  5  x  TP80/30  transistors  (Pig.  2,4). 
Power  is  supplied  from  two  lead  accumulators  6V/7Ah. 

The  amplifier  draws  5*3  A  at  full  operation,  which  Is 
equivalent  to  an  efficiency  of  50^.  The  capacity  of  the 
batteries  allows  a  two-hour  operation. 

The  transmitter  amplifier  has  been  designed  such  as  to 
permit  the  connection  to  a  symmetrical  or  an  unsynmetrl- 
oal  load.  The  power  transformer  is  out  in  or  out  as 
required  by  the  mode  of  operation. 

The  maximum  power  of  20  watts  supplied  by  the  transmitter 
has  been  used  to  generate  a  powerful  magnetic  field  whloh 
is  radiated  by  the  antennas* 


Xranamlttlng  antannaa; 

to  date,  four  different  types  of  antenna  have  been 
built  (SaI  to  SAIV).  Initially  a  procedure  was  chosen 
by  which  a  coil  with  a  very  high  inductance  was  wound 
on  an  iron  core.  In  order  to  eliminate  the  disturbing 
influence  of  the  reactance  of  the  coil,  the  inductivity 
L  was  parallel<*connected  to  a  capacity  C  to  constitute 
a  parallel  resonant  circuit  which  was  tuned  to  the  oper¬ 
ating  frequency.  This  measure  simultaneously  brought 
two  more  advantages;  first,  the  po*;;er  transformer  and 
the  losses  generated  therein  could  be  eliminated  by  a 
aymmetrical  design  of  the  antenna,  because  it  was  fed 
through  two  taps  located  symmetrically  about  the  center 
(in  which  instance  care  had  to  be  taken  to  obtain  the 
correct  impedance).  Secondly j  the  current  through  the 
coil  was  increased  as  in  every  resonant  circuit  (Pig.  2,5). 


For  every  parallel  resonant  circuit  there  holds  the 
relation  that  the  partial  currents  and  Jq  are  lar¬ 
ger  by  the  ratio  expreaaed  by  Q,  the  figure  of  merit 
of  the  circuit, than  the  total  current  J  paaaing  through 
the  circuit.  ^ 


The  phase  shift  of  90^^  between  end  tT^  occurring  at 
resonance  hae  no  dleturblng  Influence #  becauee  the 
stationary  magnetic  field  does  not  store  energy,  so 
that  it  can  aa  well  be  generated  by  a  reactive  current* 
The  energy  required  ^^o  cover  the  radiation  and  eddy 
current  losaeB  in  the  roch  can  be  regarded  aa  betng 
negligibly  email* 

On  the  basia  of  tbeae  conaideratlons  it  was  ppaaible 
to  design  the  antenna  in  such  a  way  as  to  utilize  the 
total  energy  supplied  by  the  transmitter  to  compensate 
for  the  ohmic  leases  in  the  antenna  only* 

Design  data  of  the  tranemlttlng  antennae’  SAI  and  SA1J_- 
(ng.  III). 

Tranamlttlng  antenna  I: 

Iron  rod  length;  100  cm,  sheet  material  IV 

p 

Iron  cross  section;  6  cm 

Turna  number;  2  jc  96  turna,  conductor;,  2  mm  dlam. 

copper 

Ohmic  reelatance:  185  mA 
Inductivity;  5*2  mH 

Taps  at  i  25  turns,  symmetrical  abput  the  center 

Transmitting  antenna  II: 

Iren  rod  length;  100  cm 

2 

Iron  cross  section;  5*5  cm 

Turna  number:  2  x  4^0  tume,  conductor;  0*7?  mm  dlaa. 

copper 

Ohaio  resietanoe;  5.1  ohma 
Inductivity;  80  bH 

Taps  at  +  25  turna,  symmetrical  about  the  center 

It  appeared,  however,  that  in  practical  operation  these 
antenna  forms  dlA  not  perform  setls^otoxily,  because  the 
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0urfaoe  wat  too  amall  and  tbe  loBBee  in  the 
Iron  core  were  too  large*  For  tble  reaeont  henoefprtb 
other  iseaBurea  were  adopted  in  the  development  of  the 
tranemittlng  antenna  SAIIl*  The  Iron  core  was  ranoved; 

In  ordfr  tojopipo^neote  lo^  reeultlng  loaa  in  induett- 
vltyt  the  diameter  of  the  coil  waa  Increased  to  such  an 
ertent  as  to  keep  within  the  diaentlona  of  the  alne  wor> 
kinga.  This  method  afforded  the  following  renaxks'ble  ad- 
vantaget 


The  magnetic  field  in  the  axis  of  an  air-core  coil  which 
nay  he  regarded  as  an  n-fold  oiroular  loop*  cam  be  calou- 
lated  in  the  vicinity  of  the  tranemittlng  coil  from  the 
following  formula! 


The  turne  number  wae  choeen  ae  large  aa  was  permitted  by 
the  ohmlo  reaietanoe  determining  the  figure  of  narlt  of 
the  oiroult  and  the  resonant  reaiatanoe.  Anothetr  in  no 
way  leaa  eignifloant  limit  for  the  tume  number  wae  the 
copper  weight,  beoauee  in  conaideration  of  the  required 
low  reaiatanoe  end  the  maximum  permissible  ourrent  the 
oroee  eeotion  could  not  be  ohoeen  too  email.  It  la  worth 
noting  that  the  copper  weight  of  SAIV  ie  more  than  17  kg 
end  that  the  complete  antenna,  weighing  20  hg*  cannot 
easily  be  transported  in  narrow  minea.  Aa  haa  hesn  ahown 
by  theoretloal  inveatigatlona  It  la  more  oonvemient  to 
wind  a  coil  from  very  few  turna,  but  with  a  dimaetar 
aa  large  as  poaalble  for*  given  wire  length  in  ordwr 
to  obtain  a  maximum  magnetic  moment* 


The  trmnmmitting  antennmm  8AI1I  and  8A1V  were  hullt  aooor- 
d  ing  to  Weft  ^obuidixmtlona .  Ifit  Mjbril^ 


»M  «trrl«4  out  «i«li  tilf  SAin. 

If  «»  iroa  eort  1«  ab«tBt»  it  i«  to  dottroiiitt 

tilt  •x|>tx‘liitQt«|  etnditlent  uniquely  by  the 

frequenty  imd  the  eutrent  I  through  the  tranomtttiug 
noil*  fbt  rtuetsnoe  of  the  noil  wtiii  «8  before*  9»a« 
to  vtnish  by  aeuat  of  a  atrlea  conneotloa  with  a  ooh'> 
Center  of  a  oapnolty  aultable  for  the  frequency  ueeii  la 
the  eyptrlaente^  The  retonent  reeiatence  is  iaewti-^ 
cal  to  the  ohnio  retletance  of  the  ooil  ana  kan  be  kept 
y4thlh  ameU  liaiits  by  increasing  the  conductor  croau 
section  in  order  to  ohtaxn  large  curi-ente  J.  If  the 
transnitter  power  H  and  the  resonant  resistance  is 
given,  the  current  is  calculated  from  J 

In  crder  io  isstch  this  transolttlng  antenna  to  the 
aaplifler  output  a  power  traneformer  of  auitatle  dimcn** 
alone  ia  required,  fha  current  In  the  antenna  circuit 
ie  being  aeaaured  with  a  JEhllipa  inatrumant  of  the  type 
P  01700/01 .  In  order  to  prevent  a  reduction  of  the 
figure  of  Merit  of  this  circuit  by  a  too  low  LO  ratio 
at  the  given  low  frequencies  it  wao  neceasary  to  increase 
^€^4nd%tc4ir¥4ty^  of  tfee^ 


For  the  ooil  designs  used  I  la  calculated  frow 
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where  k  *  form  factor,  depending  on  c/b 
k  -  O  40  for  SAIi? 


li  r  turns  nuuber 


Deoign  data  of  the  antenna  SAHI  (fig.  II). 

Diameter  D  =  98  cm, 
iVlnding  width  h  -  2  m 
Winding  height  c  1  cti 

Conductor  croae  yeotion:  1.2  ma  dtam.  copper 
InciUotivity;  5  mH'"  "  ~ 

Ohmic  reoiatance^  1.1  ohms 

To  dutc,  the  invetitigatione  have  heen  limited  to  dipole 
antennas.  The  (jViestion,  whether  antenna  lormB  of  higher 
oroler,  as  quadripplea,  for  instance,  will  provide  better 
results,  must  be  decided  by  further  theoretical  studlea. 

All  antennas  of  a  dipole  character  posseaB  a  directional 
characteristic  depending  on  the  angle  It  appeared 

from  the  meiifiureinents  that  in  the  direction  of  the  dipole 
axio  the  field  strength  is  twice  that  perpendicular  to  it. 
This  ^ -dependence  has  been  eBtablished  by  separate  mea¬ 
surements.  As  regards  the  measuring  techfiique,  difficul¬ 
ties  were  encountered  in  ad  justing  the  trahsaitting  antenna 
In  the  mine  in  such  a  way  as  to  ensure  coincidence  of  Its 
axis  with  the  straight  line  con.'iecting  trunsmitter  and 
receiver.  When  nine  maps  were  available  this  direction 
could  be  found  by  means  of  a  cotnpasa.  If  this  was  not 
the  case  it  had  to  be  found  empirically.  It  can  be  seen 
from  the  antenna  charocteristic,  however,  that  an  error 
in  the  dircctionul  adjustment  of  f  20^  cauaes  an  error 
in  the  field  strength  of  no  more  than 

The  receiver  uinplifier: 

yor  detecting  the  magnetic  field  radiated  by  the  trans- 
nitting  antenna  an  8-ctage  selective  amplifier  equipped 
with  trentiistora  1/AC107,  V0C71 ,  und  3/OC72  was  used. 


The  circuit  Bchomatic  la  shown  in  ?l£.  2,6. 

The  input  voltage  which  had  to  he  expected  Is  of  the 
order  of  ^V»  The  first  larj^-galn  shpliLf^lnC  stage 
had  therefore  to  he  designed  with  a  particularly  low 
noise  level. 

The  input  otage  is  succeeded  hy  two  more  amplifying 
Stages,  the  second  of  which  serves  as  an  impedance 
matcher*  Owing  to  the  low  output  Impedance  of  this 
stage  it  was  possible  to  use  an  attenuator  with  a  low 
ohmic  resistance  in  the  next  ctage.  The  calibrated 
potentiometer  being  u^ed  for  it  permits  to  attenuate 
the  input  voltage  by  10  db  steps  down  to  50  db«  Hence 
it  is  impossible  to  overdrive  the  subsequent  stages. 

Following  the  calibration  potentiometer  is  a  aelectlve 
amplifier  consiatlng  of  a  two  stage  transletor  amplifier 
which  la  mutually  coupled  by  a  bridged  T-^aection.  The 
coarse  adjustment  of  the  chosen  frequency  is  effected 
by  staggering  the  condensers  of  the  network  in  It  steps, 
thereby  varying  the  frequency  from  20  c  to  50  kc>  the 
fine  adjustment  Is  accomplished  by  setting  the  reeiatan- 
cea  for  which  double  potentiometers  have  been  used. 

The  following  stages  of  the  amplifier  atep  up  the  elgnal 
until  it  attains  an  output  value  of  ae.veral  volts. 

The  use  of  a  selective  network  afforded  a -substantial 
increase  of  the  input  sensitivity  because,  as  la  generally 
known,  the  noise  voltage  varies  invereoly  as  the  bund 
width.  It  is,  however,  also  desirable  to  have  the  ampli¬ 
fier  poseess  duly  a  low  susceptibility  to  external  dlutur- 
banoes  or  stray  fields  lAioh  feature  should  go  with  a 


reduction  ol  the  noise  level,  A  new  receiver  model  is 
now  bein^  constructed  in  which  it  is  aimed  to  attain 
ah  enhancement  of  selectivity  orid^  at  the  name  time»  an 
increase  in  sensitivity* 

Design  data  of  the  receiver  amplifier 

Input  sensitivity;  ZjLS 
Sighal-tp-noiBe  ratio:  30  db 

(Jain;  T13  +  3  db  in  the  entire  frequency  range,  ad¬ 
justable  in  stepB  of  TO  db  each 
Operating  voltage:  3  x  4*5  V  flaBhlight  batteries 
stabiliiied  by  two  Zener  diodes* 

Input  impedance:  10  kJt 
Outpsut  impedance ;  800  iTU 

Frequency  range:  20  c  -  50  kc,  subdivided  Into  11 
ranges.. 

Band  width:  0.4  (at  10  kc) 

An  internal  view  of  the  amplifier  is  shown  in  Pig.  VI. 

The  overall  gain  of  the  amplifier  is  in  the  region  of 
4*5  -  4*7  10^.  Originally  it  depended  markedly  on  the 
level  of  the  supply  voltage  which  was  taken  frOm  three 
eeries-conr.ected  flashlight  batterieo.  This  disturbing 
effect  was  eliminated  by  stabilizing  the  operating  voltage 
of  the  first  six  stages  by  means  of  two  Zener  diodes  0AZ3* 
The  residual  fluctuations  are  now  leas  than  +0.2  V. 

The  output  voltage  is  constant  to  within  3  db  over  the 
entire  range,  as  can  be  seen  from  the  frequency  charac¬ 
teristic.  The  residual  error  is  eliminated  by  a  control 
procedure  which  consists  in  checking  on  the  amplification 
in  the  laboratory  every  time  one  aeries  of  measurements 
in  the  mines  had  been  completed.  This  was  done  at  exactly 
the  same  frequencies  as  were  used  in  the  field. 


The  output  oignal  of  the  receiver  amplifier  le  fed 
into  the  oecilloecope  Tectronioa  type  321  for  aeaeure- 
sent.  Ihie  affords  a  xeaaurernent  of  the  amplitude  of 
the  signal  and  of  its  fre9.uency  together  with  an  eeti> 
mate  of  eventual  dioturbanoeo. 

Initially  the  oacilloecope  could  not  be  used  for  these 
meaourementu,  because  the  receiving  antenna  which  had 
been  placed  at  a  distance  of  only  two  meters  from  the 
osoillosoope  picked  up  the  entire  stray  field  from  it. 
nigh  voltage  in  the  oscilloscope  le  produced  by  two 
blocking  oscille tore  Operating  at  frequencies  of  2  kc 
and  20  kc  which  radiate  a  powerful  frequency  mixture 
rich  in  harmoniOB,  Hence  it  was  required  to  place  the 
oacilloecope  into  a  casing  of  1  mm  sheet  irorv  to  shield 
the  battery  leads  very  carefully  and  to  filter  the  battery 
voltage  after  entering  the  casing.  In  order  to  ensure 
longer  operation  of  the  oscilloscope »  power  was  taken 
from  two  separate  6  V  accumulators  which  had  also  to  be 
placed  in  a  casing. 

b'or  some  aeasuretrientu*  especially  at  small  ranges  or  in 
difficult  locations  a  transistor  millivoltmeter  (Levell 
Tk2B)  was  used  to  replace  the  oscilloscope.  In  Fig.  IV 
the  complete  receiving  equlp.’nent  is  shown. 

The  receiving  antennas 

Great  difficulties  v/ere  encountered  in  the  construction 
of  the  receiving  equipment  when  It  came  'to  the  design 
and  the  construction  of  the  receiving  antennae  (termed 
EA....)-  As  has  been  shown  In  thu  thepretloal  ufction 
the  design  must  aim  at  balancing  in  the  moot  favoravle 


29 


fheqe  faotore  lirt:  inductivity •  effaotive  croac  section, 
eputlouB  winding  oapacitanoeB  and  the  ohmic  resistance 
of  the  conductor  wire. A  large  inductivity  can  cither  he 
achieved  through  a  ferroue-eored  coil  with  only  a  few 
turns,  or  hy  an  air-core  solenoid  with  many  turns  and 
a  lei'ce  diameter  (cross  section) .  The  problem  that  had 
to  be  solved  now  was  to  find  the  moot  efficient  design 
by  means  of  theoretical  evaluations  and  practical  experi¬ 
ments. 

Design  data  oT  the  receiving  antenna  h'AI:  it  consieted 
of  a  ferrite  rod  on  which  two  oeriea-con.iected  crossed 
coils  with  a  very  high  indi/dtivity  were  wound. 

Technical  data  of  the  antenna  EAIj 

Length  of  the  ferrite  rod:  L  =  47*5  cm 
Diateeter/croas  section:  d/P  =  1.5  cnv^l  .77  c'p^ 

Ohmic  resistance:  135  ohms 
Inductivity:  L  =  0*8  H  (  =  1000) 

Receiver  inserted  at  the  mid-point  of  the  winding. 
(See  Pig.  2,8  just  below). 


***"  Pig.  2,8  ' 


In  Pig.  VII  is  shown  the  antenna  with  the  static  chield 
removed. 

The  antenna  was  connected  to  a  variable  capacitor  to 
ferm  1  parallel  resoziant  circuit.  Thus  it  could  he 
aiittstei  to  the  frequency  of  the  transmit ted  signal. 


The  winding  le  tapped  at  the  oenteri  where  the  receiver 
input  la  connacted.  The  figure  of  merit  of  the  reconant 
circuit  ia  relatively  highj  owing  to  the  large  RO-ratlo 
and  the  low  capacity  of  the  winding.  The  voltage  gain 
reeulting  frbJii  this  le  given  by  the  factor  Q  -  10.  Owing 
to  the  email  geometrical  diaenslons  the  antenna  can 
easily  be  shielded  against  electric  fields  by  means  of 
an  aluminum  foil.  Hence  it  is  only  little  eisceptible 
to  dioturbing  fields,  thus  permitting  the  utilissation  of 
the  full  sensitivity  of  the  amplifier. 

-  - 

An  increase  of  the  sensitivity,  the  figure  of  merit 
remaining  constant  at  the  same  time,  can  be  achieved 
by  an  increase  in  the  cross  section  of  the  iron, core. 
Another  method  would  consist  in  placing  several  antennas  ' 
of  the  EAI  t^pS  side  by  side  arid  to  series-connect  them. 
Studies  in  this  direction  are  being  made. 

The  receiving  antennas  BAII  and  EAIII  were  built  accor¬ 
ding  to  a  principle  differing  from  that  of  the  ferrite 
antenna. 

The  antenna  £AI1  consisted  of  a  slender  toroidal  soie- 
noid.  its  slectrlcal  performance  data  were  very  unfavo¬ 
rable  80  that  it  was  not  used  for  further  measurements. 

Improvements  were  achieved  in  the  design  of  the  antenna 
EAIII.  It  conslets  of  a  cylindrical  coll  with  1000  turns, 
having  a  diameter  of  45  cm.  It  was  shown  by  underground 
messuremente  that  the  sensitivity  of  this  antenna  is 
better  than  that  of  EAI  by  a  factor  of  2  -  2.5  (at  10  kc) 
but  that  the  directional  sensitivity  is  worse.  In  spite 
of  this  fact  this  type  of  anten.na  hae  proved  to  consti¬ 
tute  the  most  favorable  design.  The  receiver  is  connected 


to  a  tap I  the  position  of  which  is  dsisrmlhed  •mperl- 
cally.  SiiRliar  to  the  £AI  this  antenna  la  also  tunable 
to  resonanee  by  oeana  of  a  variable  j^apaoltor  and  a 
step-type  group  of  fixed  capacitors. 

Fig.  IV  shows  the  receiving  unit  and  conveys  an  iapresaion 
of  the  size  and  appearance  of  the  £AI1X  antenna. 


2f3  Underground  H  e  a  s  u  r  e  ffl  e  n  t  o 
Calibration  of  the  receiver  unit 

The  receiver  ecjuipment  consiata  of  several  portable 
unite;  it  cor.prises  the  interchangeable  receiving 
antennas  which  are  tunable  to  the  trobsisltted  freq[uency> 
the  calibrated  selective  aSiplifier  and  a  battery  powered 
oscilloscope.  To  this  la  added  the  portable,  metal  ~ 
Sheathed  kit  for  three  6V/4.5Ah  accuiaulatore  which  eerve 
as  a  power  supply  for  the  oacllloscope*  because  built-in 
batteries  would  pemit  operation  for  no  more  than  about 
one  hour.  The  receiving  antennae  are  interchangeable; 
hence  it  can  easily  be  arranged  that  different  antenna 
types  are  used  during  one  underground  nteaeurement,  either 
to  find'  the  best'  position  of  the  antenna  or  to  limit  the 
experimental  error  by  means  of  repeating  the  measurements 
with  different  antennas. 

The  rcoeivlng  unit  was '  considered  t.o  perform  satlefso- 
torily  when  It  permitted  the  determination  of  the  magne¬ 
tic  field  strength  from  the  oltage  oeaaurements  et  the 
amplifier  outpvt  The  field  strengths  in  our  experi¬ 
ments  were  of  the  order  10’'^^[vb/n^]|.  Prom  tbla  value, 
can  easily  be  inferred  that  for  oalibration  opwretiooe 
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a  location  bad  to  be  found  where  disturbing  magnetic 
fields  could  be  kept  to  a  minimua.  AA  detailed  study 
of  commercially  available  Faraday  cages  has  shown  that 
none  of  them  meets  the  rigorous  requlrementa  as  con¬ 
cerns  magnetic  shielding  against  low-frequency  fleldoo 
Prom  these- conBideratiohs  it  appeared  most  convenient 
to  conduct  the  necessary  calibration  measurements 
underground  where  conditions  ere  naturally  the  eame  as. 
for  the  actual  measurements* 

The  calibration  consisted  in  generating  a  magnetic  field 
of  known  magnitude,  inserting  the  receiving  antenna  into 
this  field  and  measuring  the  output  voltage  of  the  recei¬ 
ver*  The  values  of  the  measured  voltage  thus  Obtained 
vjere  then  converted  back  to  the  input  voltage;  this  vol¬ 
tage  was  plotted  against  ohe  known  field  strengths.  The 
transmitting  antenna  was  directly  used  for  the  generation 
the  calibration  magnetic  field.  According  to  the 
formula 

B  «  n  J  R^/2iR^  + 

the  desired  field  strength  which  was  measured  at  a  distance 
of  about  10  m  from  the  transmitting  antenna  could  easily 
be  adjusted  by  a  variation  of  the  current  J.  Some  diffi¬ 
culties  were  created,  however,  the  necessity  to  elimi¬ 
nate  undesired  effects,  as,,  for  instance,  the  influence 
of  stray  electrostatic  fields. 

Calibration  of  the  receiving  antennas  £AI  and  £AlIi 
(Pig.  2,9) 

Frequency  10  kc,  r  »  12  n,  transmitting  antenna  SAIII. 
Parametric  variation  of  J  (nvA).  -  - 
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Propagation  ffloaourainante 

Attar  the  calibration  had  boon  aaooaaotully  ooQpIftadi 
the  quantitative  propagation  aeaauramanta  of  alaetra- 
aagnatio  wavaa  in  rook  could  ba  atartad* 

Intazaat  in  thOaa  naaauranenta  waa  oanterad  about  a 
chook  on  tha  pradiotiona  of farad  by  thadratioal  oonai- 
daratlone  oonoaming  the  daoraaaa  of  field  atraagth 
over  diatanoc  in  rook  with  a  varying  d agree  of  oonduo- 
tivity.  The  test  fraquanOy  waa  initially  aattlad  at 
10  ko.  Ihla  oboioa  waa  juatlfiad  by  tha  isitationa 
inherent  to  tha  tranaiator  aaplifiar  »  baoauaa*  owing 
to  affioianOy  oonaldaratlonat  tha  awai labia  power 
tranaiatora  did  not  parait  the  uaa  of  higher  fraquonoiaa. 
On  tha  other  handt  the  daaign  of  tha  trananitting  antenna 
inpoaaa  a  lower  lialt  on  the  saanuring  fraquanoy  which 
ia  about  2  ke«  It  will  be  tha  ain  of  further  invaati- 


Sitiont  to  rokeb  IpfOf  taluoo  by  •  aysttBatlo  reduotlon 
of  the  frefttonoy.  .  ~ 

In  the  sequel  we  will  select  from  the  numerous  field 
etrengtb  meaBurem^nts  that  have  been  made  in  three 
different  mineas  four  .representative  experimentSf  and 
offers  detailed  dieVdaoibp  of  them.  " 

The  field  looh+vona  were  selected  on  the  basis  of  mine 
naps  and  inspection  tours.  They  were  considered  parti¬ 
cularly  favorablei  if  electrical  or  fluid  conduits  or 
zalla  were  absent  in  the  workings.  Secondly  it  was  desi¬ 
rable  to  have  no  large  cavities  in  the  immediate  neighbor 
hobd  of  the  tranemitter  and  in  particular  not  near  the  • 
straight  line  connecting  transmitter  and  receiver^  etiXl 
the  system  should  be  of  auffiolent  extension  as  to  permit 
measureiunts  at  intervale  of  about  20  m.  Oare  was  also 
taken  to  obtain  at  least  an  approximate  picture  of  the 
geological  structure  of  the  rook  along  the  workings  conr 
aeoting  the  meaeurement  cocationa.  fortunately  no  great 
dlffloultlea  eroae  In  finding  auoh  locations  In  the  mines 
inapeotad  for  that  purpose. 

After  the  tranamitter  had  been  transported  to  the  aeleo- 
ted  location  and  the  orientation  of  the  antdnna  had 
been  completed  with  the  help  of  mine  maps  and  a  compasa, 
the  receiver  was  carried  to  the  individual  measuring 
locations;  the  antenna  used  In  one  particular  experi¬ 
ment  was  adjusted  to  give  maximum  field  etrengthi.  Sub- 
eaquont  to  thla  the  voltage  occurring  at  the  amplifier 
output  was  measured.  Depending  on  variations  in  the 
ambient  oonditlons  in  the  rooki  distances  reaching  to 
220  m  could  bo  bridged  * 


Curves  1  throu^ix  4  In  Fig.  2,10  Illustrate  the  results 
of  the  experlmec';s.  It  can  easily  be  dlsoerneg  that  the 
Individual  series  of  measurements  In  the  diagrams  deviate 
8trc\ngly^^  from  o^e  another.  This  may  be  explained  by 

varllstlons  in  the  parameters  £  and  ^  ^  was  deter- 

'1  - 

mined,  as  has  been  explained  In  the  theoretical  section 
(1,1),  from  tables  and  through  measurements,  and  further 
digression  on  this  problem  does  not  fall  within  the  scope 
of  this  section.  Further  considerations  elll  be  conse¬ 
crated  to  a  diaoussion  of  the  influence  of  the  conduc¬ 
tivity  parameter  only. 

Measurements  In  the  3t.  Gertraudi  mine  (GroSkogeT), 
mine  map  no .  1 . 

The  transmitter  was  placed  in  locations^VII  and  SIX, 
the  measuring  frequency  was  10  kc,  the  antenna  current 
1.25  A,  the  antenna  used  was  SAIII. 

Results: 
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fbt  givta  for  tho  mo4iilua  of  ^ho  maenetio  l’ial4 

a:^raii8tb  art  plottad  In  fig*  2|10.  Krtry  atrita  of  valuta 
haa  aubatqotntljr  batn  oonvtrttd  to  tht  axtrapolatad  flald 
airtagth  at  20  Q  dlatanot  In  ordtr  to  afford  a  aatlafao- 
tory  odftpariaon  of  tht  ourvta..  Two  thtorttioal  eurvta 
havt  btan  addtd  whieb  bavt  bttn  baloulattd  for  a  oonduo- 
tivity  9C  of  10*^  and  10"^  ITithout  txotption, 

tht  axparlaantal  ourvea^  ktap  within  tht  llolta  drawn  by 
tba  tbaoratioal  ourvaa., 

A  bthavlor  aifflilor  to  that  of  ourvt  no.  1  la  abown  by  tht 
atrita  of  ntaauremtnta  rtoordad  In  the  Sohwae  aint.  Tht 
oonduotivlty  there  la  of  the  aaat  order  and  the  rook  in 
the  two  looatlona  la  alao  of  the  aaat  nature. 


MeaaurtBtnta  In  the  Sohwaa  pinti  nine  mop  no»  2- 

The  tranaalttar  waa  placed  In  looutlon  no.  4;  the  aeaeu*- 
ring  frequtnoy  waa  10  ko»  the  antenna  ourrent  1.23  A.  the 
antenna  uatd  waa  3AII1 

Rtaulta: 
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wak  chkk^  it  tara versed »  however,' 

>  reck:>yen  mh^e  Iritersper^^^  The  influence  of 

'the  ore  0^  discernihle,  because  the  oon- 

-duotivit^  is  tllree  to  four  times  that  in  the  Schwaz  mine. 
It  ie  yvor.th.  noting  that  this  conductivity  is  averaged 
(over^tke  entire  volume*  thus  differing  from  that  deter- 
sfrpm  rock  eamples. 


Measurements  in  the  Lafateob  mine,  (aeriee  no.  I) . 

Kl^e  transmitter  was  placed  in  location  II,  the  measuring 
^.^frequenoy  was  10  kc*  the  antenna  current  1.23  A,  the 
^  antenna  used  was  SAIII. 
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00 

15-5 

17.5 

0.023 

S  / 

1 05 

3.6 

16.3 

5.7 

7.5 

0.0086 

ey 

130  - 

1.8 

7.9 

2 . 8 

:  3.6 

0.0043 

r/ 

161 

ivl 

3.8 

1.6 

1.7 

0,0023 

l  7  226 

0.3 

'2.2 

0.4 

1 

0,00086 

MeaBuyetni&ivtB  in  the  Lafatsch  mi ne,  (aeries  nc 


The  tranainlt-ter  wha  placed  in  location  11,  the  measuring 
frequency  was  10  kc,  the  antenna  current  1,25  A,  the 
antenna  used  wau  SAIII. 

Keaults : 


lueasurlng 

location 

diet. 

m 

^el 

.^elll 

iBll 

^®1III 

1B|» 

<x? 

/ 

20  . 

620 

2000 

1400 

1000 

1 

P* 

/ 

43 

28,5 

-  220 

‘60 

100 

0.1 

i’ 

/ 

71 

8,3 

28,5 

14 

13.5 

0.014 

6’ 

/ 

81 

5.6 

18,4 

9.2 

8.5 

0.0093 

n: 

/  103 

2.5 

7.9 

3.9 

3.6 

0.0037 

In  column  no.  1  the  receiver  positions  are  enumerated  and 
their  distance  from  the  tranemitter  is  given.  Columns 
nos.  2  and  3  contain  the  voltages  measured  when  the  rs’* 


ceiving  antennas  SAI  and  SAIII  were  used;  they  are  given 


in  ^  V,  converted  hack  to  the  amplifier  input.  By  ueana 
of  the  diagram  in  Fig.  2,9  it  ia  poeslble  to  derive  the 
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*  field  Btrength  valuee  from  these  voltage  levels 

given  in  column  4  and  5.  In  the  last  eolumn  the 
»  values  averaged  from  column  4  and  5  are  given,  extra-- 

polated  to  the  field  strength  at  20  m  distance.  This 
field  strength  has  been  assumed  as  unity. 

Special  Kteasurements 

The  work  desciribed  to  this  point  hae  absorbed  the  major 
portion  of  the  available  tine.  However,  efforts  were 
'  also  made  to  study  problems  connected  with  the .measuring 

j  apparatus.  Qf  special  Interest  was  an  exact  determina- 

I  tlon  of  the  antenna  characteristic  which  bore  special 

1  weight  In  the  theoretical  work. 

I 

;  These  measurements  were  conducted  ss  follows:  the  trans¬ 

mitter  was  pieced  in  a  large  underground  cavity  in  the  ' 
j  Schwas  mine  ('’MeBserechnitthalle" ) ;  the  field  strength 

I  was  then  measured  at  a  distance  of  12  m  in  order  to  estab- 

lioh  its  dependence  on  the  angle  ^  .  The  results  are 
illustrated  in  fig.  2,11.  It  can  be  clearly  seen  that 
j  the  field  strength  in  the  direction  of  the  axis  of  the 

'  transmitting  antenna  is  twice  as  large  at  a  certain 

I  distance  than  in  a  direction  perpendicular  to  the  antenna 

j  axis  at  the  same  diatance. 


Kesults : 
angle  (°) 

|Bi 

t 

orientation  of  B  (^) 

0 

1 

0 

45 

0.78 

65 

90 

0.5 

0  .  - 

135 

0.78 

65 

180 

1 

0 

225 

0.78 

60 

270 

0.5 

0 

515 

0.78 

85 

360 

1 

0 

d 
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After  these  measurementB  had  been  completed  the  error 
arieing  from  Incorrect  adjustment  of  the  antenna  was 
cloaely  investigated*  neing  the  Schwiz  mine  (mine  map 
no.  2)  as  field  location.  In  order  to  obtain  practi¬ 
cally  uaeful  values,  a  diatance  pf  about  50  m  between 
transmitter  and  receiver  was  chosen.  The  transmitter , 
being  placed  in  Ipeation  no.  4»  was  initially  oriented 
towards  the  first  mettsuring  location  no.  0.  The  recei¬ 
ver  Was  then  moved  to  other  locations  (a’,bSc').  The. 
field  strength  versus  function  as  derived  from  these 
measurements  is  plotted  in  Fig.  2,12  through  an  angle 
of  60°.  The  results  have  already  been  anticipated  in 
the  section  on  transmitting  antennas  (2,2).  For  a  mis- 

A 

orientation  of  about  20  the  error  does  not  exceed  555. 

Concluding,  some  remarks  are  appropriate  conoerning  expe 
riments  of  a  special  nature,  referring  to  the  measuring 
locations  in  the  mine  maps  nos.  1  and  2,  which  have  not 
been  discussed  as  yet. 

The  first  VLF  measurements  were  conducted  in  the  St. 
Gertraudi  mine,  a  frequency  of  50  kc  Toeing  used  for  . 
the  experiments.  The  distances  that  could  be  bridged 
were  relatively  small  owing  to  the  unfavorable  antenna 
design  (SAI  and  SAII),  the  comparatively  high  freqt’ency 
used,  and  the  low  transmitter  power  (transmitter  loca¬ 
tion  SVIII,  receiver  location  EVIII).  Further  measure¬ 
ments  which  cannot  be  discussed  in  detail  in  this  report 
were  carried  out  in  the  Schwas  mine.  Their  purpose  was 
to  establish  the  influence  of  a  body  of  gray  copper 
ore  extending  between  the  locations  nos^  1  and  2 
parallel  to  the  main  working  (1  -  4). 


Aa  a  calibration  facility  an  ore free  distance  of  160  m 
length  was  chosen  between  the  locations  5  and  6.  At  a 
measuring  freq^uency  of  10  kc  the  field  strength  dropped 
to  HihmOf  the  original  value.  Maintaining  the  same  expe¬ 
rimental  conditions  the  field  strength  was  then  measured  . 
between  locations  1  and  2,  the  transmitter  being  placed 
in  1  and  the  receiver  in  2.  Along  this;  traverse  the 
field  strength  decreased  to  no  more  than  2^.  This 
remarkable  divergence  has  been  traced  back  to  the  influ¬ 
ence  of  a  closed  iron  loop  consisting  of  tubing  in, the 
working  no.  2  and  of  rail  installations  in  the  wPihings 
1  and  8}  it  was  not  due  to  _the_  action  of  the  orebody. 
Pepending  on  the  orientation  of  the  transmitting  antenna,; 
either  parallel  or  perpendicular  to  the  rails,  the  field 
strength  in  location  no«  2  was  large  or  Small.  These 
phenomena  are  still  being  investigated  more  elosely. 

Recently  attempts  were  made  to  bridge  larger  distances 
(to  500  m)  using  the  same  transmitter  and  a  transmitting 
frequency  of  5  ko.  Between  locations  4  and  2,  or  7-  respect 
ively,  definite  field  strength  measurements  could  be  made* 
The  results  of  these  experiments  will  be  presented  in 
a  later  report.  It  was  substantiated  beyond  doubt  that 
the  theoretical  considerations  predicting  a  less  pronoun¬ 
ced  attenuation  of  low  frequency  electromagnetic  Waves 
in  conductive  media  are  correct. 


3.  Geplogioal-mineralogical  Section 

,3  ,  1  Qt  e  n  e  r  a  1  0  e  o  1  o  g  i  c  a  1  S  u  r  v  e  y 

It  has  'been  explained  already  in  Seci,  2,3  that  the  expe-^ 

rimental  inveetigatione  were  carried  out  in  mlnee  in  the 
Tyrol-.  The  Schwaz  mine,  26  km  by  road  east  of  Innsbruck 

and  the  St*  CJertraudi  mine,  44  km  by  road  east  of  Inns¬ 

bruck,,  are  both  situated  on  the  northern  slope  of  the 
"Suxer  CTehirge"  (Tux  mountains).  The  Lafatsch  mine,  47  km 
by  road  north  of  Xnnsbruck  is  situated  in  the  "Hinterau- 
iial"  (Hinterau  tfalley)  In  the  neighborhood  of  the  so-j.rce 
of  the  isar  river  in  the  ".K.arv.’8xldelgebir'ge'’  (Karwendel 
Biountains ) .  '■ 

3*2  h  e  La  fa  t  s  c  h  Min  e 

The  mountain  ranges  on  both  sides  of  the  outlet  of  tVie 
Kinterau  vally  consist  of  triassic  roolc  (sedimentary 
rock),  primarily  of  Hauptdolomite,  sloping  to  -the  south. 
This  format.'.on-j  being  pushed  soirth  in  the  vicinity  of  the 
!D.:lne,  which  is  further  i-^pstrean,  gives  v-ioy  to  older 
W  atterstein  limestone  sr.id  Raibler  strata  north  of  the 
valley.  The  Hinterau  valley  is  connected  to  the  ^'VoTupev 
ioah",  a  narrow  gorge  terminating  at  the  village  Vomp  in 
the  Inn  va?.ley,  by  a  wide  pass,  the  “Uberschall'' »  In  the 
area  of  this  pane  are  loca->ed  numerous  mediaeval  ore 
'Horkingc.  About  km  west  of  these  workihga  a  develop¬ 
ment  mine,  the  "Lafatsch  mine"  has  recently  been  opened 
iii  the  "Kaetcn"  a  flat  section  of  the  Hinterau  valley  at 
the  foot  of  the  "Heps",  an  eminence  in  the  ridge  north 
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of  the  Hlnterau  valley*  This  mine  ie  worked  for  lead 
and  ainc.  Ores  occur  aa  galena  (galenlte»  PbS)  and 
zlnoblende  (ZnS)  in  pockets  and  etrongly  torn  tabular~ 
shaped  oreboclleB* 

3.3  The  Schwaz  Mine 

The  Tuxer  tJebirge,  consisting  of  argillaceous  slate 
and  striking  from  west  to  east  exhibits  a  structure 
of  a  highly  inhomogeneous  natvire .  On  its  northern 
slope  is  situated  the  mediaeval  raining  town  Schwaz. 
Heavy  folds  and  overthrusts  have  frequently  resulted  in 
an  inver 33^)1?  r,f  the  stratigraphic  G.lamn*  Archaic 
XQ^ks  like  phyXXite  and  intrusive  gneissee  containing 
i‘alderite  are  raoatly  superiraposed  on  recent  argillaceous 
slates  which  in  their  turn  have  'been  pushed  over  quartz 
phyllites  (where  numerous  mines  have  formerly  been 
worked  for  iron  from  sides'! te  (PeCO^)  ores).  The  uiTder 
lying,  more  recent  palaeosoic  and  triassic  rocks  are 
mostly  Schv.as  dolomite,  n'jw  red  sandstone  and  Partnach 
otrate.* 


The  Schwaz  dolomite  is  the  rock  mostly  interspersed 
with  ore  occurring  as  gray  copper  ore  (tetrahedrite) . 
This  Sehv;sz  tetrahedrite  (CaMg (00^)2)  is  composed  pri¬ 
marily  of  sulfurouE  copper,  sliver,  and  mercury.  The 
mining  system  wv  .ch  has  been  constantly  extended  since 
it  was  started  in  ‘i409  has  a  total  length  of  240  km. 
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3»4  The  S  t»  G  e  r  t  r  a  u  d  i  Mine 

Creological  conditions  in  this  area  are  comparable  to 
those  prevailing  in  the  SchWaz  region*  Predominant 
strata  consist  of  new  red  sandstone  and  Schwas  dolO” 
mite  ("Sertraudi  limestone")*  Workable  baryte  (Ba  SO^  ) 
and  small  qaantities  of  antimonial  gray  copper  ore 
occur  in  seams  dipping  to  the  east.  The  working  of 
these  deposits  also  dates  back  to  the  middle  ages  and 
therefore  a  number  of  suitable  old  undercut  galleries 
are  available. 

3,5  Determination  of  the  Diele 

trie  Constant  of  Rock  Samp 

1  e  s 

As  has  been  outlined  in  the  general  geological  survey, 
the  predominant  mountain-building  rock  types  surroun¬ 
ding  the  field  locations  are  Wetterstein  limestone  and 
dolomite  which  originates  from  the  former  by  an  exchange 
of  calcium  carbonate  for  magnesium  carbonate.  Hence 
dolomite  differs  chemically  only  little  from  Wetterstein 
limestone. 

In  view  of  the  experiments  concerned  with  the  determina¬ 
tion  of  the  field  strength  versus  distance  dependence  of 
VLP  waves  it  was  essential  to  measure  the  dielectric 
constant  of  these  rock  types  (some  other  measurements  on 
baryte  and  other  rock  samples  were  being  conducted  for 
informative  purposes).  In  measuring  £  the  capacitive 
method  has  proved  to  be  most  efficient:  a  thin  plane 
parallel  rock  slab  was  placed  as  dielectric  between  two 
condenser  plates  with  a  diameter  of  5  cm.  The  dielectric 


conatant  and  the  Ipae  angle  were  meaaured  directly  hy 
neana  of  a  General  Radio  bridge  (type  7\$rC)  at  varloua 
frequenclea. 

The  bridge  was  driven  from  an  RC-generator  (Fhillpa 
GM2317);  a  low-frequency  millivoltmeter  (Philips  GM6012) 
was  used  as  a  null  Instrument. 

The  rock  samples  were  taken  from  the  separate  measurin,^ 
locations,  They  were  cut  up  in  specially  designed  cut¬ 
ting  machines  equipped  with  a  diamond  blade  (diameter 
30  cm) .  Vthen  it  seemed  necessary  they  were  also  ground 
on  a  plane  milling  machine  constructed  by  us.  As  the 
slabs  had  to  be  very  thin,  no  more  than  a  few  millima- 
ters,  a  large  portion  of  the  samples  cracked  already 
during  the  cutting,  process.  Furthermore >  it  was  not 
always  possible  to  produce  the  slabs  with  absolutely 
plane  parallel  surfaces.  Hence  the  values  obtained 
initially  by  means  of  a  condenser  with  metal  plates 
did  not  show  good  agreements  In  calculatiiig  the  oapa- 
city  of  such  a  plate  condenser*  characterized  by  6  «  15 
and  an  interelectrode  spacing  of  0*5  mm  filled  with  a 
dielectric,  on  air  gap  of  0.2  mm  causes  an  erxor  of 
40?C.  Therefore  in  the  following  measurements  mercury 
electrodes  wore  used  to  replace  the  metal  plates.  The 
rock  sample  "as  placed  on  a  mercury  layer  confined  by  a 
metal  ring,  hind  the  upper  contact  was  established  in  the 
same  manner.  Mercury  is  used  with  advantage  f o  ’  this 
purpose,  because  it  approaches  the  earaplo  very  closely, 
but  does  not  penetrate  into  the  pores  and  line  fissures 
often  occurring  in  these  rock  slabs. 

Let  be  the  capacity  of  the  condenser  in  the  presence 
of  a  dielectric,  and  its  capacity  without  dielectric, 
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then  given 


Cjg  was  determined  by  the  eubetltutlon  method  In  order 
to  achieve  aufflcient  accuracy  in  the  meaeuremente.  With 
thla  method  the  epurlous  capacitlea  and  the  loaa  factor 
of  the  leads  can  be  Ignored.  The  error  reaultlng  from 
neglect  cf  the  edge  field  of  the  condenser  le  below  the 
experimental  accuracy,  ae  has  been  shown  by  theoretical 
calculations.  was  either  determined  by  the  aubatltu- 
tion  method  or  by  oomputation.  The  dielectric  constant 
and  the  loss  factor  wfre  meaeuTed  in  the  frequency  range 
extending  from  VOO  c  to  100  kc.  The  curves  showing  the 
course  taken  by  these  two  quantities  versus  the  frequency 
can  be  seen  in  Fig.  3^1 •  Rock  samples  were  taken  from 
dolOfflltei  Wetterstein  limestone  and  baryte. 
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